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ABSTRACT 


The decline of competence effectuated by the unreplenishable energy 
etymology due to the plummet of fossil fuels has created an alternate need 
for renewable energy sources to play a vital role in providing power at a 
larger scale. Thus, a new system of distribution of energy resources is 
introduced to tackle the ever-growing demand for power and safety of the 
environment using renewable energy sources with the traditional ways of 
transmitting power. Such challenges can be overcome by using hybrid 
microgrids which helps in detecting and hegemonizing faults more 
dexterously sanctioning sharing of load and instinctive switching through 
various algorithms thus improving the system accuracy and adaptability. This 
exertion incorporates the modeling of an AC hybrid microgrid system 
analyzed in the is-landed mode. Fuel stack and the photo-voltaic cell are used 
as renewable energy power sources. It also includes the PID control method 
to the solution the most encountered problems in a microgrid. The engaged 
control modus operandi can modulate and regulate the output voltage at an 


expected and paradigm value. The whole AC hybrid microgrid and its 
control are simulated in MATLAB/simulink R2020b. 
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1. INTRODUCTION 

Electricity is perhaps the greatest invention of science which has brought radical changes in human 
civilization, enhanced progress and prosperity without which life seems to be burning, losing flavor and odor. 
We the humans want electricity dispenses with higher lucidity and transcendence. But with the gradual 
diminishing of fossil fuel, power network maturing, the rise of environmental adulteration, and climate 
change de rigueur the burgeoning of compact electrical networks that can work unconventionally at the same 
time along with large scale electrical supplies. These are referred to as microgrids [1]. The microgrid 
performs duties for a large number of consumers. It gives expedience to both the grid and the customer as it 
provides a helping hand to industrial sectors, commercial institutions, and housing bodies. The distributed 
energy resources (DERs) like fuel cells, wind generators are used in microgrids [2]. The DERs operate in 2 
ways, grid concatenated mode, and islanded mode. In grid concatenated mode, the DER is attached to the 
grid whereas in islanded mode the DER is disengaged at the point of common coupling (PCC) from the main 
mileage grid [3]. Nevertheless, as long as the microgrid is functioning under the islanded approach it shall 
operate single-handedly, besides, dispense competency to the peroration customer on its engendering. 
Considering both the manifestations, fragments that have been segregated ought to provide an incessant 
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exuberance to the tethered load [4]. The microgrid is anticipated to supply capacity, control, and operation 
master plan that is sufficient to give at least a few of the loads after being disengaged from the main utility 
grid at the PCC and operate freely [5]. This is referred to as islanded mode. There are many provocations that 
we face in the proper controlling, handling as well as modeling of AC hybrid microgrid [6]. One of the 
important challenges is the most methodical voltage control to tone with vital demands, environment 
feasibility and durability, and cost-efficacy [7]. Tottering voltage power complex marshals to power setup 
uncertainty on its mechanism and dominance as microgrid consist of heterogeneity of provenance which 
requires contrasting control stratagem [8]. 

The main objective of this indagation is to plan and assemble the AC microgrid model and voltage 
hegemony modus operandi for microgrid apparatus on an islanded modus operandi to certify the steadiness 
of the power caliber, authentic and well-organized running of the microgrid. Moreover, it also throws light to 
the sturdy voltage hegemony modus operandi for hybrid AC microgrid arrangement on an islanded routine 
implementation by using the latest version of MATLAB 2020. Specific consequences were procured to 
explore the voltage dominance problems in microgrid organizations. In this effort of ours, a conglomerate 
AC microgrid is to be carved and thoroughly avail ourselves the ascendancy of maneuvering DERs. The 
incorporation of disseminated energy sources has put forth divergent provocations to the microgrid which 
augmented the necessity or exigency to perpetuate and prolong the durability of the microgrid [9]. An 
advanced proportional integral derivative (PID) controller is modeled and engaged to manage and retain the 
microgrid framework within the curtailment [10]. The suggested control tactic has the propensity to amplify 
and oppose the voltage mileage as per the demands [11]. Distinct situations have been framed to probe the 
suigraphness and ability of the designed controller [12]-[15]. 

The performance survey of the potential difference check is sought out by using the simulated 
outcomes from MATLAB 2020. And by the help of results obtained we show that microgrid has a moored 
potential difference check. Here for checking the applicability of voltage control modus operandi, we have 
taken discrete values instead of traditional continuous values. The inception part deciphers the resolve for the 
planning as well as assembling of the microgrid. The succeeding part accentuates the indagation part. 
Moreover, it also analyses the constitution of the microgrid. The following part deals with the repercussions 
and reverberations obtained from the scrutiny and assessment. The peroration throws light on the successful 
voltage hegemony modus operandi of AC conglomerate microgrid and its gamut for future maneuver. 


2. RESEARCH METHOD 
2.1. Microgrid structure 

The microgrid is included in the electricity distribution of the substations which contains the power 
provided by the renewable energy resources like PV cell and fuel stacks and with two different loads at the 
user end. Both the nonrenewable and renewable energy power sources are distributed in distributed units 
(DGs) and storage units (DSs) respectively which have different capacities and characteristics. Microgrids 
are electrically connected to the utility system, low voltage bus transformer substation, and also consists of a 
common coupling point (PCC). As shown in Figure 1, the proposed diagram of a usual grid-connected 
microgrid in the islanded mode which after getting detached from the main distribution system provides the 
stored units through the common coupling point. This microgrid is encapsulated in a single substation 
transformer to provide adequate capacity, control, and working plans to supply at least a part of the load. 
These types of the microgrid are preferred in housing, apartments, shopping complexes, industrial entities, 
and commercial areas [1]. 


2.2. Control of microgrid 
An efficient and widely applicable control method is required for the appropriate functioning of a 
micro-grid as it deals with copious dissimilitude, shape as well as circumstances [16]. The paramount 
incentives of a microgrid authority are to: 
e Remunerative use of the energy produced from the resources. 
Appropriate switching and maintenance of load sharing between distributed energy resources. 
Stability and control whether in islanded mode or grid concatenating modus operandi. 
The ascendancy of power, improvement of efficiency as well as fulfillment of demand. 
To ensure adequate operation and flow of power for various industrial applications. 

Therefore, to tackle such demands and control over a microgrid an echelons structure of microgrid 
hegemony apparatus is introduced which ensures the exigency at all levels of the hierarchical configuration. 
The chain of the command structure of the microgrid ascendancy complex can be sundered into three 
stratums which are the predominant, concomitant, and triennial hegemony [17]. The function of the cardinal 
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hegemony is to stabilize the potential difference as well as constancy. Ensuing the islanded incidents, 
microgrids might be deprived of their rationality of potential difference as well as constancy attribugraph to 
the unpredictability among power fostered as well as imbibed. Besides, to dispense the aptness of ready to 
use for the A= ar’ distributed power provenance (distributed energy sources) as well as to allocate the 
dynamic and receptive potential among them, devoid of any dissemination linkage [18]. The concomitant 
hegemony is used to centralize the potential difference as well as constancy in the system as well as 
ameliorate the aberration that occurred from the paramount hegemony. This concomitant control is instigated 
to churn out a ponderous enterprising riposte over the predominant ascendancy, which corroborates the 
disconnected high power of the predominant and concomitant loop as well as stimulates the prototypes 
individually [19]. The slowest as well as last method of hegemony, 1.e., the tertiary ascendancy is used to 
optimize the flow of power from the microgrid to the main grid for economic anxiety purposes. The 
competence among the microgrid and the main grid can be influenced by calibrating the constancy as well as 
the magnitude of the dispensed energy pedigree potential differences in a grid-tethered modus operandi [20]. 
The chain of command composition of the microgrid is as demonstrated in Figure 2. 
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Figure 1. Microgrid structure in an islanded mode with two different loads 
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The hegemony technique is employed in this paper. Controlling the microgrid in islanded mode 
using the standard values of voltage and power provided from the distributed energy systems and the various 
types of load at the user end is also taken into account for better efficiency and economic use of power 
distributed. Voltage regulation, distortion, quality, and profiling are carried out for the stability of voltage in 
the microgrid. Therefore, voltage control is provided at energy resource as a local control so that the systems 
do not experience voltage oscillations and reactive power. To successfully run a microgrid in islanded mode 
with renewable energy resources the frequency of the whole system must be stabilized and moderated 
simultaneously and cooperatively. The line constancy range must not succeed the preset value. The rock 
bottom and paramount constancy range for 50Hz grids is 48Hz to 51Hz whereas for 60Hz grids is 59.3Hz to 
60.5Hz [21]-[26]. Considering the active demand for power, the load sharing between the dispensed power 
supplies is important to tackle the energy losses as well as to ensure the steady flow of power to the 
customers. 

Renewable energy resources (RERs) are used for the generation of power and these components are 
the PV fuel cell generated from solar energy and fuel stacks which are produced from the wind generator and 
turbines. In this paper, PV cells are used in the simulation [26]-[30]. Multiple capacitors are used to reduce 
the ripples, provide voltage stabilization and take energy for a short time as an interruption. It also charges 
and discharges to improve and balance up the power quality in a system. It is connected in between the 
source and the inverter. Inductor coils are used to store electrical energy in the form of magnetic energy. The 
voltage thus occurred through the inductor coil is due to its magnetic field, as explained by Faraday's law of 
electromagnetic induction. A proportional-integral (PI) controller is used as a local controller to control the 
distributed energy resource for a certain base value preference per unit measurement. Voltage source 
inverters are used to regulate network voltage, frequency, and output power when complying with the 
requirements. The PID controller circuit for the proposed control method has been depicted in Figure 3. 
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Figure 3. Proposed PID control 


The first block in the PID controller circuit is the gain block which serves as the reference value for 
the base voltage of the system [31], [32]. The gain is then connected to a phase-locked loop (PLL) which 
synchronizes the output with the reference signal. Then it is connected to the abc to dqO block which converts 
the signal using Park transformation from 3-axes to 2-axes magnitude which makes it easier to compute, a 
selector block is connected to take the input as a vector, matrix, or multidimensional signal [33], [34]. The 
DER circuit with PV fuel cell and fuel stacks has been depicted in Figure 4. The PV array and the fuel cell 
stack are connected to a universal bridge (MOSFET/diodes) format to the 3® series RLC load which supplies 
the RERs for the microgrid to act as an AC hybrid microgrid. Variable 3® load and the controlled output 
scopes of the simulation have been depicted in Figure 5. 

Using the Vdc sensor the output is tapped from the 3® V-I measurement before the 3D RLC series 
load. The sensor value is computed and the PID controller calculates the value at the gain and Vd block. The 
output from the PI controller is injected into the PWM generator [3]. It generates the control which is 
calculated by the PI control to the inverter to organize the output of the RERs. The PWM generator transmits 
the control signal information to the inverter either to buck or to raise the output voltage. 
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Figure 5. Variable 3-phase load and the controlled output scopes of the simulation 


3. RESULTS AND DISCUSSION 

The analysis of the simulation will be focusing upon the different control strategies employed for 
voltage control on different conditions of load demand from the distributed energy resources of the 
microgrid. The values of gain, PI controller, universal bridge (VSI), resistor, inductor, capacitor, and 3® 
RLC load set at allowed values to obtain results of the simulation. The input values taken for the fuel cell 
were 28°C and an irradiance 1000W/m? as the standard value for fuel cell emission, default values for the 
fuel stack were taken into consideration, and capacitors were set at 1uF each to reduce ripples. An RL circuit 
was connected after the universal bridge with low resistance and 1mH inductance as standard values for the 
simulation. The pulse generator was set at 2000Hz frequency for pulse waveform was generated at the output 
side. Default values of the universal bridge were set for the MOSFET type so that it acts as an inverter. 


3.1. Case 1: Alteration in load 
In the first test of the circuit, the parameters of the PV cell are assumed at fixed values as shown in 
Figure 3. The base voltage for this system has been set at 416V while the 3® RLC loads were set at two 
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different load conditions. At 50kW, it shows the voltage from 310V input voltage to 394V output voltage as 
shown in Figures 6 and 7. The active power of the load is set at 50kW, then the voltage at the input is seen 
through the help of scope in MATLAB. The input is taken from the PV array and the fuel cell voltage 
measured (Figure 6) and simultaneously the output is taken from the 3® of the load representing R, Y, and B 
respectively (Figure 7). The input voltage peak is measured to be 310V and simultaneously the 3® output 
values are also recorded from the positive peak to the negative peak which is measured to be 394V. 
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Figure 6. PV and fuel cell input voltage measurement (310V, 50kW) 
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Figure 7. Three-phase output measurement (394V, 5kW) 


At 150kW, it shows the voltage from 310V input voltage to 359V output voltage as shown in 
Figures 8 and 9. The active power of the load is set at 150kW, then the voltage at the input is seen through 
the help of scope in MATLAB. The input is taken from the PV array and the fuel cell voltage measured 
(Figure 8) and simultaneously the output is taken from the 3® of the load representing R, Y, and B 
respectively (Figure 9). The input voltage peak is measured to be 310V and simultaneously the 3® output 
values are also recorded from the positive peak to the negative peak which is measured to be 359V. The 
graph shown below provides the input and output voltages observed for different load values and the amount 
of voltage reduced from the actual reference voltage set at initialization 1.e., 415V. 


PV &Fuel Cell Voltage Measurement 


(del dati i LLM AT IT 
ii WWW AA AVL NAAN Nui bid NTEN N TAN T 








i 





Voltage(V) 


























0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05 
Time(s) 


Figure 8. PV and fuel cell input voltage measurement (310V, 150kW) 
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Figure 9. Three-phase output measurement (359V, 150kW) 
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Figure 10. PV and fuel cell input voltage measurement (at Ip.u., 310V) 
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Figure 11. Three-phase output measurement (at 1p.u., 380V) 
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In case 2, the PV and fuel stack values are assumed to be fixed, the reference is already set at 416V. 


The load was also set at a fixed value of 100kW. The obtained results show that, administering the value of 
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thep.u. causes the output voltage in the inverter to change with respect to thep.u. reference. At 1p.u., the 


results showed that from the input voltage of 310V, the output produced is 380V as shown in Figures 10 and 
scope in MATLAB. The input is taken from the PV array and the fuel cell voltage measured (Figure 10) and 
simultaneously the output is taken from the 3® of the load representing R, Y, and B respectively (Figure 11). 
The input voltage peak is measured to be 310V and simultaneously the 3® output values are also recorded 


from the positive peak to the negative peak which is measured to be 380V. 
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While at 0.25p.u., results showed that from the input voltage of 550V, the output produced is 268V 
and they are shown in Figures 12 and 13. The reference block V> is set at the value of 0.25. Then the voltage 
at the input is seen through the help of scope in MATLAB. The input is taken from the PV array and the fuel 
cell voltage is measured (Figure 12) and simultaneously the output is taken from the 3® of the load 
representing R, Y, and B respectively (Figure 13). The input voltage peak is measured to be 550V and 
simultaneous 3® output values are also recorded from the positive peak to the negative peak which is 
measured to be 268V. 
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Figure 12. PV and fuel cell input voltage measurement (at 0.25p.u. 550V) 
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Figure 13. Three-phase output measurement (at 0.25p.u., 268V) 


4. CONCLUSION 

In this drudgery, an AC conglomerate microgrid in islanded mode is successfully modeled, 
designed, and simulated in MATLAB/Simulink R2020b manipulating with the disseminated energy 
accumulations. The introduction of renewable energy resources has pioneered disparate provocations to the 
apparatus. An advanced PI controller was conceived as well as indentured to direct and stimulate the 
framework within the ceiling. The advocated authority was able to bolster as well as decrease the potential 
difference particulars as per the burden obligations and reference voltages. Divergent tests were carried out to 
showcase the before mentioned. The proposed control showed a scrumptious reaction towards the workable 
state. Credits to its coherent as well as compact anatomy, the advanced PID controller can be solicited to the 
paraphernalia to ameliorate its working. For future works, cynosure will be on other resolutions of 
augmented learning as well as supplications of multi-agent investigation in the hegemonizing microgrid. 
Thus, we have successfully recreated and run the simulation of a hybrid AC microgrid with discrete output 
for each scenario using MATLAB R2020b. 
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